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Effect of Microstructural Change on Creep Rupture during Creep Deformation in 18Cr—9Ni—3Cu—Nb-N Steel

Masatoshi MITSUHARA, Ken-ichi IKEDA, Hideharu NAKASHIMA, Jun-ichi KusuMoTo and Akihiro KANAYA

Synopsis : 18Cr—9Ni—3Cu—Nb-N steel has the highest creep strength in the austenitic heat-resistant steels. It is expected as the component of the future

thermal power plants. In order to clarify the mechanism of creep strengthening and creep rupture for the 18Cr-9Ni-3Cu-Nb-N steel, the

creep test and the microstructural observations using electron microscopy were carried out. Seamless pipe was used as the sample because

the initial microstructure for the sample conformed to the one for steels in the plants. From the TEM observation, fine NbX and Cu particles

were formed in the austenite grains. The pinning effect by these particles is effective for the creep strengthening. In the regard to the mi-

crostructural change during the creep deformation, the crystal orientation rotations were observed using SEM-OIM. In the crystal grains ro-

tated during the creep deformation, (001) or (111) was oriented to the tensile direction. Many boundaries were cracked due to these crystal

rotations. This means that the creep rupture is occurred by the difference of the plastic deformation behavior between the grains oriented
(001) to the tensile direction and the grains oriented (111) to it.

Key words: 18Cr-9Ni-3Cu-Nb-N steel; creep deformation; creep rupture; crystal orientation; Schmid factor.
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Fig. 6. SEM/OIM observation in the sample ruptured in the creep test, (a) SEM image, (b) IPF map, (c) 001 pole figure and (d)

111 pole figure.
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Fig. 3. BF-STEM images and EDS elemental maps of (a) the precipitates on the boundary, (b) the coarse precipitates in the grain
and (c) the fine precipitates in the grain.

Fig. 4. DF-TEM image of dislocations in Fig. 5. (a) BF-STEM Image and (b) EDS elemental maps of the precipi-
the sample before the creep test. tates in the sample ruptured in the creep test.
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Fig. 7. Change of the area fraction of the oriented textures
depending on time in the creep test.

Fig. 8. BF-TEM image of the microstructure in the sample
ruptured in the creep test.
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Fig. 10. Frequency of the Schmid factor difference be-

tween adjacent grains.

DOFE A &I ORT, KARKRTIE, v 23y MAT
ZED/NE ERIROBE A E WV, 2R (001)K001) R 7 &
MDD RFRICB TS 23y MATFEPOTHELZ L&
k3, —F, BEORELFRRTIE, Y23y FRT
ZORKE KR LEDODHENE L, MAREROMHR & ITH S H
IRk %, ZOZ L6, BAEORAEIIHEERS SR O
PETERED ZEITERIN LT B Z AR E T,

P LEORERN S | RIBREMFIZHNT, OFRBEIK
TV 2 ) — TR TR, BEAE RIS, o
FTROEINZ K > TRESDBFINENTEZ Ehnbhr o7z,
ZOHMELDORER, EROTRYEBDO LY Xk EL
R 22008 RIZ K > TRADEK E NS, ZDRR
ERRE 2 D DFESR OV ETZRED ZEIZRIA L T, KAk
FETIROTAOERPELC S, £72, B ORRIZIE,
MK M,C A E L BE X hiz, 205 BRRTOFA
DERPBFZ 5 &, Hritii & BEHO BRI THuN e B
¥4 519, KFEEREMIZH T 5 18Cr-9Ni-3Cu—Nb-N i
D) —TERTIZ, Z0O XS HF TR R TE L
EEIOND,

34

4. BE

18Cr-9Ni-3Cu-Nb-N#iIZ F61F 3 7 V) — T &I vh D Ml ik
b ) — TR A S 123 27280, i Bk
HIEG L 00 L7z kHc W T, 7)) — Tk e &
) — iR 2T 5 72, £ 72, WM & 2V — TEEHM
DMRBIER 21T > 72, BONERIZTOVTLI NIRRT,

(1) TEMBIZORRE, cukit & NoX DM g X
Nz, L7z T, oy ) — 7 Rk o cuki
T & NoX AR B A HH T 5 Z L ICRET 55256
hs.

(2) Wbt SEMBIZROKER, £ < ORR TRANTE
LT, F72, 7)) — TR OMEIE SR T v
BLBESREH L TR, 20 — TERRIE SR A5
RAMANFR L BRI 001) F 7213 (111) Zfdig
B EITHNELARZ LTL T,

(3) Y23y MATEDOREVRATRAEDRELET S
BERE P 572, Thik, KA %P 2 DO fs ok o ¥
RO DR & 75 > T, NWAPENRE L 222 & %3
LT3,

X 73

1) Y.Sawaragi, N.Otsuka, K.Ogawa, A.Natori and S.Yamamoto: Sumito-
mo Met., 46 (1994), 27.

2) H.Semba, Y.Sawaragi, K.Okada and FMasuyama: CAMP-ISIJ, 11
(1994), 34.

3) Y.Sawaragi, H.Semba, K.Okada, FMasuyama and N.Komai: CAMP-
IS1J, 14 (2001), 525.

4) H.Semba, Y.Sawaragi, K.Ogawa, A.Natori and T.Kan: Materia Jpn.,
41 (2002), 120

5) T.Sritharan and H.Jones: Acta Metall., 28 (1980), 1633.

6) JErneman, M.Schwind, H.O.Andren, J.O.Nilsson, A.Wilson and
J.Agren: Acta Mater., 54 (2006), 67.

7) RUSE— e BAMUE, R, RO, (1984), 62.

8) AM & IMEEEDE AT, T Ay &4 —, B,
(1998), 110.

9) G.JRichardson, C.M.Sellars and W.J.McG.Tegart: Acta Metall., 14

(1966), 1225.

O.A.Ruano, J.Wadsworth and O.D.Sherby: Acta Mater., 51 (2003),

3617.

10)



